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THE structure and functions of lymphatic glands in adult animals have 
been minutely and exhaustively examined, so that there is apparently 
but little more to be ascertained about them, but, curiously enough, the 
development of these organs has received but scant attention. In the 
ordinary British and foreign text-books no mention of the subject is 
made, even in the most recent editions, and there are very few original 
papers which deal with the matter in anything like a satisfactory manner. 
I entered upon this research partly with the view of completing obser- 
vations on the development of adenoid tissue which I had already made, 
partly because of the immense importance which the lymphatic system 
has assumed in modern pathology, and because it seemed desirable to 
examine the stages through which the lymphatic, glands passed in fe ta l  
life, and to ascertain how they became fitted for the protective rSle 
which they assume in the adult. 

MATERIAL AND METHODS. 

I used for this research not only those parts of embryos of man and 
other mammals of which special and individual descriptions are given, 
but also a large collection of sections of lymph glands from adult 
animals, both mammals and birds, and of the various other adenoid 
organs of these animals in their adult and embryonic conditions. 

Most of this material was fixed in saturated watery solution of 
corrosive sublimate, but some of the specimens were treated first with 
a saturated solution of picric acid, others with Flemming’s “ strong ” 
solution, and others with absolute alcohol. The sublimate preparations 
were washed out in water arid then passed through successive alcohols, 
gradually increasing in strength ; the tissues fixed with Flemming’s 
solution were treated in the same way, while the picric acid preparations 

1 An Essay, t o  which mas awarded one of the Research Prizes of the College for 1893. 
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were transferred at  once from the picric solution to 50 per cent. spirit, 
and thereafter hardened in alcohol like the rest. All the tissues were 
embedded in paraffin, and of all of them complete series of sections were 
cut with the rocking microtome. These were fixed to the slide by niy 
water method (39)) and stained 011 the slide in various ways. The adult 
lymph glands were treated with various aniline dyes,-gentian-violet, 
safranin, methyl-blue,-especially in the case of those which had been 
fixcd with Flemming’s solution, while for most of the embryonic 
material, which was usually fixed with sublimate, I used the well- 
known combination of Ehrlich’s hzmatoxylin, followed by a watery 
solution of eosin. This was varied by the use of the Ehrlich-Biondi 
triple stain, and of other aniline dyes. All the preparations were 
mounted in balsam. I may perhaps be permitted here to press the 
importance of the use of complete series of sections in work ol this 
kind, and indeed in all histological work. By this means a mental 
picture of the tissue can be gained by the observer which is attainable 
in no other way ; structures can be traced from section to section, and 
their nature and origin determined ; blood vessels, for example, even 
when uninjected, can be followed to their capillary distribution, and, in 
short, the observer can speak with certainty as to points which, with the 
older methods, remained undecided. Unfortunately, alinost all the work 
which has been published in regard to the development of lymphatic 
glands, has been done by the old methods ; even that of Conil (24), which 
is only three years old, is of this unsatisfactory character. Of course, 
the examination of hundreds of sections instead of dozens, is greatly 
more laborious, but the expenditure of time and trouble is well repaid 
by the greater accuracy obtained. 

THE LYMPHATIC VESSELS AND GLANDS OF IXVERTEBRATE AND 
VERTEBRATE ANIMALS. 

A history of the ontogeny of the lymphatic system would be incom- 
plete without some account of its phylogeny ; and that can fortunately 
be given in a few words. H. E. Ziegler, in a thoughtful paper (*9, 
points out that the blood vascular system and lymphatic system of 
Vertebrates taken together correspond morphologically to the primary 
body cavity in such forms as the nematodes, while the pleuro-peritoneal 
cavity and its derivatives, the pleurse, pericardium, and peritoneum, have 
nothing to do morphologically with the primary body cavity. They are 
formed separately, and are only secondarily connected with the vascular 
system, by the lymphatic stomata and the thoracic duct. 

The blood vascular system again is developed from the hanio- 
lymphatic system as one finds it in arthropods, in order that the function 
of respiration may be more thoroughly carried out by means of a 
respiratory pigment carried in special cells. It is an innovation, and 
the lymph and lymphatic system of vessels more nearly correspond to  
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the hamolymph and vessels of most Invertebrates. Vertebrate lymph 
and Invertebrate blood are both albuminous fluids containing leucocytes ; 
the passages through which they pass are in both cases formed of con- 
nective tissue, in part disposed in lacnnn, in part as vessels ; arid, with- 
out pushing the comparison too far, we may reasonably expect that as 
the lymphatic glands form, in the higher Vertebrates a t  least, centres 
for the reproduction of lencocytes, so in the Invertebrates there mill be 
some structures concerned in producing fresh supplies of blood cells. 
It has been shown by several observers that this is the case. Bourne (9 
has shown that in Pontobdella, one of the leeches, there are small bodies, 
lying near the clitellar glands, which present all the characters of small 
lymph nodules-afferent and efferent vessels (here, of course, belonging 
to the blood system), a capsule, and a groundwork of reticular connective 
tissue containing many leucocytes in its meshes. He  considers that 
these bodies probably have to do with the formation of blood corpuscles, 
and his fig. 44 shows how closely the structure corresponds to the 
adenoid tissue of Vertebrates. 

Cuehot (I?, 18, ”) in an extended series of researches shows that the 
lymph glands, or blood glands as they really are, of Invertebrates, are 
always formed on the same plan as that described by Bourne, and he evi- 
den tly regards the blood glands of molluscs, arthropods, gephyreans, and 
echinoderms as formed on precisely the same plan as those of Vertebrates. 

When we come to consider the Vertebrates, we find a curious state 
of matters in connection with lymphatic glands. True glands of the 
sort are not found in fishes, reptiles, or amphibians. It is only in birds 
and in mammals that they are present, and more in the latter than in 
the former. I n  the three lower classes, the thymus takes the place of 
lymphatic glands, as far as the formation of leucocytes is concerned, 
and does not degenerate in adult life as it does in mammals. As we 
might expect from this, the thymus is in mammalian embryos the first 
place where true adenoid tissue is formed, and it is an active centre for 
the production of leucocytes long before lymphatic glands are formed a t  
all, as I have elsewhere shown (=). I n  the frog, the lymphatic system 
is still lacunar (Ecker, 19), and the only adenoid organs beside the 
thymus are the rudimentary tonsils in the pharynx. There are not 
even Malpighian bodies in the spleen. According to Ecker, the fat 
bodies have the structure of adenoid tissue in the month of November, 
but this seems rather to be associated with nutrition than with the 
lymphatic system. 

Budge (16) has made some striking though unfortunately frag- 
mentary observations on the developnient of lymphatic vessels and 
glands in the chick. Very early in development, on the third day, he 
finds a closed system of lymphatic vessels, consisting of spaces and 
tubes, lying everywhere in close relation to the extra-embryonic blood 
vessels, generally above them in the blastoderni. This system contains 
fluid on the third day, and the vessels are everywhere lined by an 
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endothelium, which can be demonstrated by injection with nitrate of 
silver. The ccelom at  this date, curiously enough, is not lined by 
endothelium. Lymphatic glands are not developed in the chick till a 
much later date. On the tenth day of incubation, Budge found that in 
addition to the lymph sheaths of the blood vessels, which by that 
time are completely formed, there are places in the allantois, where 
structures are to be seen varying in size from that of a lentil to that of 
a small bean, generally sharply distinct from the surrounding allantoic 
tissue, but sometimes shading off into it. On microscopic examination, 
these gave the picture of reticular tissue with leucocytes in the meshes, 
sufficiently numerous to make the sections look like well-pencilled pre- 
parations of the lymph glands of mammals. These observations were 
published by His, after Budge’s death, and have remained in this 
fragmentary state. The ,lymph glands of adult birds do not differ in 
essentials from those of mammals. 

Among these highest Vertebrates, the differences in the number 
and size of the glands is very great, and it is very difficult t o  make any 
accurate statement, because not only do nearly allied species differ 
widely from one another in this respect, but even between diflerent 
individuals of the same species there are wide divergences, which in 
regard to man have been noted by all anatomists, as Bnyer (12) points out.’ 
Among the domestic animals, however, one may say, generally speaking, 
that the lymph glands of the rodents are few and small, that they are 
more numerous in the carnivores, and still larger and more numerous 
in the ungulates, whilst in man they are perhaps better developed 
than in any of these forms. These facts have a direct bearing on the 
development of the glands, as we shall see in due course. 

HISTORICAL SKETCH OF THE LITERATURE. 
Lauth (I), in 1524, declared that the lymph glands arise from lymph vessels 

uniting to form a plexus. Breschet (1)) in 1536, and Engel (”, in 1850, 
adopted a similar view, but Engel seems to have considered that tho lymph 
vessels played a more active part in the formation of the glands than was the 
case in Breschet’s opinion; he holds that the vessels bud and convolute 
thcrnselves in a complex fashion to form glands. 

LabBda’s ( 5 )  description (1566) does not eeem to have been based upon 
original observation, but rather upon Teichmnnn’s (4) somewhat theoretical 
generalisations, which had to do rather with the structure of the adult glands 
than mith their development in the embryo. Sertoli, in the same year (”), 
published an account of the condition of the mesenteric glands in calf 
embryos, the smallest of which was 3 in. long. He here found elongated spaces 
communicating mith one another, and bounded by embryonic connective tissue, 
and he believed that these spaces are directly developed into lymphatic. vessels 
xnd into the lymphatic spaces of the connective tissue of the gland. The 
lymphatic spaces of the glands themselves are not, he considers, primarily in 
connection with the general lymphatic systems ; communication only occurs 
late in development. 

Orth (7), in an inaugural dissertation, written in 1870, examined the 
mesenteric glands of sheep embryos, but was not able to confirm Scrtoli’s 
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observations in any way. This is hardly wonderful, as it is evident from 
his description, as Chievitz has already pointed out, that he had mistaken the 
ganglia of the abdominal sympathetic for lymphatic glands-a very pardonable 
error in the state of histological methods at that time. 

In his monograph on the Lymphatic System, published in 1873, Klein ( 8 ) ,  

though he does not deal directly with the development of lymph glands, shows 
that there are present in different parts of the serous membranes, especially in 
the omentum, minute lymphatic nodules, which he calls peri- or endo-lymph- 
angial nodules, as the case may be, which have a striking likeness to developing 
lymph glands at a very early stage. His fig. 50, plate x., vol. i., is best 
known, and has been copied into many text-books. 

Balfour (9), in his great work published in 1881, dismisses the lymphatic 
system with scant courtesy. 

I n  the same year appeared a paper by Chievitz (lo), by far the most 
important which has yet been published on the subject. He examined human 
embryos and those of the pig, but it will be enough for my purpose to discuss 
the course of development as he traces it in the human subject. His youngest 
embryo was 11 weeks old, and was not well preserved. I n  the axilla he found 
spaces in the connective tissue connected with one another, with a certain con- 
densation of the fibrous connective tissue around them, and with a “round cell” 
here and there. I n  the groin of a 13 weeks’ fetus, he observed round masses, 
full of lymph cells, and each surrounded by a wide cleft with a capsule snrround- 
ing that again ; there were trabeculae passing through the external sinus, and 
part of the nodule looked like a hilus. He derives this form from the first by 
supposing an increase of cell infiltration in the middle of the nodule, and a 
widening and union of the outer clefts to form the external sinus. In an 
embryo of 14 weeks, the conditions were similar, but there was a commencing 
differentiation into cortical and medullary substance. As he could not 
distinctly make out the lymph vessels in the gland, he concludes that they 
must arise later and independently. Embryos of 16 weeks and 6 months show 
no very marked changes, but in those of 7 months a hilus with a stroma free 
from cells is found, while the glands of a new-born child were practically 
identical with those of adults. 

The points as to which he is doubtful are-the origin of the reticulum of 
the gland; the origin of the free cells (the 1eucocytes)-he is unable to determine 
whether they are remains of embryonic cells, have wandered out of the vessels, 
or are derived from the connective tissue; and the origin of the lymphatic 
vessels, which he seems to consider appear after the formation of the glands. 
All these points will be discussed in their proper place. 

Conil (24) concerns himself really only with the nature and developmcnt of 
the reticulum of the glands, and his method, useful enough for that purpose, 
is not adapted for a systematic study of the subject. He puts tissues for 24 
hours into Ranvier’s one-third alcohol, then for 24 hours into a solution of 
gum, and for a third 24 hours into strong alcohol. Then sections are cut, 
whether with the free hand or not is not specified, and the sections are 
pencilled and mounted in glycerine. This method certainly demonstrates the 
reticulum, but utterly destroys the histologid relations of the cells, and in 
dealing with embryonic tissues there is great danger of ruining the whole 
prepmation, unless one uses very thick sections, when, of course, minute study 
of the parts is rendered very difficult. One need hardly wonder, then, that in 
2 human fetuses, one of 29 months, the other of 39 months, and in a young 
lamb fetus, he found no trace of lymphatic glands anywhere in the body 
(though I hope to show that in the huinan fmtus at  6 weeks the position of the 
glands is already traceable,) and he concludes that glands are not present in 
lluman embryos during the three first months, a dictum with which several 
authors whom he cites concur. His next stage is a human fe tus  of 4% 
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~nonths, where he  finds in the axilla, groin, and elsewhere, assemblages of 
I‘ embryonic ” cells communicating freely with a system of largish lacunw which 
surround these masses on every side. Some of the lacunae are empty, some 
contain ‘‘ embryonic ” cells. There are other larger gland-rudiments like the 
closed follicles of the intestine in adults, again with lacunae around them, 
which form a fairly continuous sinus ; the basis of this follicle is a fine reti- 
culum, He  considers, with Renaut (21), that the embryonic cells (leucocytes, 
as we should call them) reticulate the connective tissue when they are caught 
i n  it. Stohr (36) and myself (33) have expressed a similar view, of which more 
again, arid C o d  believes that the lacunae “come to be”  the afferent and 
efferent lymphatic vessels. He cannot pronounce definitely on whether they 
are or are not, at  this stage, continuous with lymphatic vessels. His descriptions 
of later stages are very much like those of Chievitz. 

Bonnet r) believes that the lymphatic glands, simple as well as coni- 
pound, arise from a mesenchyniatous tissue rich in nuclei, which forms the 
malls of the lymph spaces. By proliferation in this tissue the lumen of the 
lymph spaces becomes irregular, and is soon crossed by trabecula, and then in 
the centre of the lymph nodules begins the production of Icucocytes. These, 
i n  his opinion, arise by the division of fixed connective tissue cells, both here 
and wherever reticular tissue is found. 

It will be scen from this sketch of the literature that our knowledge of the 
subject is sufficiently indefinite. It is not even settled whether lymph glands 
or lymph vessels are the first to appear in the embryo. The earlier authors 
give the priority to the vessels, some of the more recent writers to the glands. 
We do not know what is the character of the connective tissue at  the time of 
the first appearance of either of these structures, nor at  what date in develop- 
ment that appearance occurs. No one has fully examined the qucstion as to 
the source of the leucocytes found in developing lymph-glands, nor has the 
time of appearance of these leucocytes, nor the variety which first appears, been 
decided. The relations of other tissues, of blood vesscls for instance, to the 
glands has not been determined, nor has anyone succeeded in explaining why 
these glands are found with unvarying regularity at certain points and not 
at others, We know from the researches of Fleniniing (14), myself (””), and 
others how important is the part played by germ-centres in the adenoid tissue 
of adult animals, but we have no data as to their appearance in the fetus, nor 
do we know whether reproduction of leucocytes goes on at all during fetal  life 
in the glands. On these, and on other points, I hope to be able to  throw some 
light. 

REGEKERATION AND INVOLUTION OF LYXPHATIC GLANDS IN 
ADULT MAMMALS. 

Before passing to describe my own researches in detail, I wish to 
draw attention to the fact that in the adult human being, for instance, 
lymphatic glands are by no means stable and unchangeable structures, 
in the sense in which, for example, the central nervous system is stable. 
Lymphatic glands are formed constantly and normally on slight came, 
and when the circumstances calling for their appearance have passed 
away, they as readily disappear, to be recalled into existence perhaps 
again and again, as need arises. Not only is this the case, but it seenis 
even possible that in the adult the same series of changes are golle 
through in the development of these glands which I am about to 
describe in the embryo. 
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All anatomists are familiar with the fact that the lymph glands in 
the axilla vary immensely in number in different normal individuals, 
and that in pathological states the normal average may be very greatly 
exceeded. I choose the axilla for illustration because Stiles has recently 
made a careful study of the glands and vessels there in connection with 
his work on the mamnia (44), and I have had maiiy opportunities of 
examining his preparations, and of discussing with him their significance. 
In addition to the ordinary glands there are some very minute ones, not 
exceeding 1 or 2 millimetres in diameter, which consist of a single 
lymphoid follicle, surrounded by an unbranched lymph sinus connected 
with only one afferent and one efferent lymphatic vessel. This is very like 
the stage in development which is described on p. 463, and illustrated 
in Plate XXXIII., Fig. 8. Stiles considers that the axillary glands are 
much increased in number during lactation, and that when the mamma 
returns to the resting condition, or when the natural rest of the meno- 
pause occurs, niany of the glands so developed become involuted, and 
transformed into fat. The change begins near the hilus, and spreads 
outwards towards the cortex, which is the last part of the gland to lose its 
adenoid character. The gland is no longer needed, and a smaller number 
of leucocytes are brought to it than are carried off by the lymphatic 
stream. This fatty involution is, of course, exactly the same process as 
that with which we are familiar in the thymus, which in the first few 
years of childhood is a purely adenoid organ, but later becomes more or 
less completely transformed into fat. I n  these involuted lymph glands, 
however, the distribution of lymphatic vessels is preserved unaltered, 
for if a carcinoma appears in the breast these fatty glands again become 
adenoid ; the leucocytes appear first a t  the cortex immediately under 
the capsule, brought by the afferent vessels which open into the external 
sinus, and probably also by the capiIlaries which suppIy that part of the 
fat-lobule. 

It seems that this fatty transformation of lymph glands occurs in 
other regions of the body in old men also, for Zacharow (9 finds that 
the simultaneous development of fat and connective tissue in glands, 
with disappearance of the adenoid tissue, is the commonest form of atrophy 
in old age, though in some glands, especially in the mesenteric set, re- 
production of leucocytes 'goes on, though with diminished activity, to 
extreme old age. Hyaline degeneration of the connective tissue of the 
gland sometimes, though more rarely, occurs as a result of endarteritis 
obliterans in the vessels. 

Not only do glands come and go, but those very important parts of 
theill, the germ-centres, are equally labile. F l e m i n g  (14), when he first 
examined their structure, drew attention to this, and Zehnder (26), by 
examining large numbers of glands in norrnal and pathological states, 
confirms Flemming's conclusion. 

Another peculiarity of lymph glands, of interest in this connection, 
is the ease with which they are regenerated after they have been 
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destroyed. Bayer (’”) was the first to make experiments in this 
direction. He  chose dogs as the animals for experiment, because in 
their axillz there are one or two lymph glands in the angle between the 
long thoracic and axillary blood vessels which are easily found and 
identified. These were removed in several dogs, and as early as three 
weeks after the operation a new lymph gland was visible to the naked 
eye at  the same place, which presented a fair resemblance to an ordinary 
gland when examined microscopically, while if the dog was allowed to 
live a longer time the resemblance became more close. Other writers 
have since then repeated the experiment and confirmed the results. 

THE VARIETIES OF LEUCOCYTES AND THE NATURE OF ADENOID TISSUE. 

The structure of lymph glands in adult animals is sufficiently well- 
known, and I need not here describe it fully. Hoyer (”) has re- 
examined these structures with the aid of the most recent methods, and 
Lowit (42) discusses many points of interest. I shall, however, often 
have occasion to refer t o  my own views on the nature of adenoid tissue, 
and the nature and varieties of leucocytes, and propose here to give a 
short summary of them, referring the reader for fuller discussion to my 
other papers on the subject (33, 34, 38). 

Leucocytes are a variety of cells, distinct, in my opinion, from any 
other cells in the body. They are neither formed from the fixed cells of 
connective tissue, nor capable of transformation into them, nor have 
they any connection with the formation of red blood corpuscles. Under 
the term (( leucocytes ” I would include the white cells of the blood, the 
lymph corpuscles, the free cells of adenoid tissue where\.er it is found, 
the wandering cells of connective tissue, and the so-called (‘ niarrow- 
cells.” The salivary corpuscles, the cells found in the mucus of the 
nasal cavity, of the bronchi, of the intestine, etc. (so far as they are not 
obviously epithelial cells), are leucocytes which have wandered through 
the epithelium lining these cavities. The cells which I have enumerated 
appear in many different forms, and have by some authors been classed, 
in consequence, as different varieties of cells ; but I submit that these 
forms are merely stages in the life-history of the leucocytes, and that 
these stages can be shown to pass one into the other by insensible 
gradations. 

Writers on this subject are now pretty well agreed that leucocytes 
multiply by mitosis (indirect division) ; though Lowit continues to 
maintain that they reproduce themselves only by amitotic (direct) 
division. The most recent discussion on the subject, an excellent 
summary, will be found in Flemming’s report on the present positioll of 
our knowledge in regard to amitosis, written in 1893 (40) .  Flemiiiing 
was the first to demonstrate completely the mitotic division of leuco- 
cytes (14), and the view which he is a t  present inclined to take of ami- 
totic division of leucocytes, as of other cells, is that it is a process which, 
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in vertebrate animals, a t  any rate, no longer leads to the physiological 
new formation and multiplication of cells. It is either to be regarded 
as a degenerative process or aberration, or perhaps in some cases, where 
polynucleated cells are formed by this method, as a means of assisting 
cellular metabolism by increasing the periphery of the nucleus. I n  this 
view I am inclined to a great extent to agree, but I shall have something 
inore to say of it when discussing “ wandering )’ leucocytes. 

A leucocyte, just before mitosis, usually assumes the form of a sphere, 
often as much as 12 to 16 p in diameter, the greater part of which is 
taken up by the rounded nucleus. I n  this body the abundant chromatin 
is arranged as a very open irregular network of fine fibres, with larger 
masses a t  the nodes. Cells of this type are found mostly in the ‘I germ- 
centres ” of adenoid tissue, where the large numbers of these (‘ vesicular ” 
nuclei give a pale appearance to the “centre” when nuclear staiiis are 
used. They are, of course, found elsewhere in adenoid tissue, and even 
in the blood and in other places to a much smaller extent. 

The daughter cells (lymphocytes, 
leucoblasts, or young leucocytes) are small cells, typically spherical, and 
generally about 6 ,u in diameter. Almost the whole cell is taken up by 
the nucleus, round which there is only a very thin shell of protoplasm. 
The fibres of the nuclear reticulum are crowded together, so that there 
is a great deal of chromatin in small space, with the result that these 
iiuclei stain deeply. They are found in the largest masses a t  the peri- 
phery of the germ-centres, where they are heaped up in great numbers, 
and by their dark staining give rise to the appearance of a dark ring 
which surrounds these structures. Wherever leucocytes are found, 
however, some of these cells are present, as division goes on constantly. 

These young leucocytes grow, both the nucleus and the protoplasmic 
part become larger, and ameboid movements begin. From this point 
leucocytes may be divided into two groups, “ stationary” and “ wander- 
ing ’) leucocytes. 

The stationary cells are a further development, along the same lines, 
of the leucocytes of the last stage. They are cells which find themselves 
in favourable circumstances as regards food supply, and which remain 
in that locality and grow. Their stationariness is, of course, merely 
a relative one, as the ingestion of foreign particles implies a certain 
.amount of ameboid movement. To this group belong the large macro- 
phages of the intestinal mucous membrane, of the tonsils, of lym- 
phatic glands, and of granulation tissue. They are not found in the 
blood. These cells vary immensely in size and appearance, but they 
have, as common characters, the possession of a round or oval nucleus, 
not unlike that of the leucocyte about to divide, and a disproportionate 
increase of the cell-body, which may measure as much as 40 p in 
.diameter. I n  the smaller forms this protoplasmic part is often ap- 
parently homogeneous, or simply granular, but in the larger ones it is 
more usual to find that some foreign body, or bodies, have been ingested 

The mitosis is of the normal type. 
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-pigment, dead leucocytes, niicro-organisms, etc. It is always possible 
to trace a complete series of gradations between the youngest leucocytes 
and these large stationary cells. 

Wandering lencocytes are derived from those young leucocytes, 
which, instead of remaining in the organs where they were formed, have 
moved away into the blood, the lymph, or the tissues surrounding the 
lymphatic organs. It is they that show those lobate, polymorphous, or, 
as they are often but wrongly called, " multiple " nuclei, which are so 
characteristic. The process of their development consists in the elonga- 
tion of cell and nucleus in the course of their aniacboid nioveiiients, and 
in the further adaptation in shape of the nucleus to the successive 
changes in the cell, so that the most varied forms of nucleus result. It 
is extremely rare, however, to find nuclei whose lobes have actually 
separated from one another, and which are unquestionably alive. Those 
lobes which have apparently separated are almost always united by deli- 
cate bridges of chromatin. When separation has actually taken place the 
fragments almost always (perhaps always) stahi quite honiogeneonsly, 
and show other signs of degeneration. 

A number of authorities, of whom I may name M. Heidenhain and 
Dekhuyzen, are now agreed that the polymorphousness of the nuclei of 
this kind of leucocyte has to do with ameboid moveme~t, in which the 
nucleus plays only a passive part. It is more than likely that the 
central corpuscle and attraction-sphere which have been examined by 
Flemming (30) and M. Heidenhain (41), specially in this variety of leuco- 
cyte, have to do with the initiation of the movements. It is worthy of note 
in this connection that the attraction-spheres of leucocytes, that is of 
moving cells, are so much larger and more evident than those of con- 
nective tissue cells, as Flemming (dz) has shown. This would seem to 
furnish a fresh argument for the distinctness of the two kinds of cells. 

Fleinming (46, p. 5G) has charged me with going too far in believing 
that all the polymorphous nuclei of leucocytes are due t o  the ameboid 
movements of the cells, and cites against me Arnold's observations and 
his own (") as evidence that fragmentation does occur as a preliminary 
to direct division (amitosis). I have already given in great detail (B). 

my reasons for doubting Arnold's conclusions, and Flemmiiig himself 
allows, with characteristic fairness, that it is very rare to find the two 
or more parts of a nucleus actually separated. He  admits the existence 
of bridges between the fragments, and all the leucocytes which he has 
figured (30 Taf. xiv. figs. '7, 9, IS), in which the bridges are apparently 
ruptured, are very much elongated cells, in which something like the 
" forcible division " of Lavdowsky may have taken place, or in which the 
bridges may be so attenuated as to be invisible by our present methods. 
Flemming admits that our improved objectives have enabled hiill t o  see 
the bridges in niany cases in which he had not previously observed 
them. 

Wandering leucocytes are found in all situations where eruigration 
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from the blood vessels is taking place, in granulation tissue, in con- 
nective tissue irritated by tuniour growth, etc. They are found in the 
blood in large numbers, and almost everywhere in the tissues in greater 
or less abundance. They are not found, however, to any very great 
extent in the lymphatic organs, where their place is taken by the 
stationary cells. 

The giant cells of the bone niarrow, spleen, and embryonic liver are 
almost certainly all abnormally enlarged leucocytes, but as they do not 
appear in lymphatic glands we need not further discuss them. 

It is very common in these glands, however, to find degenerated 
leucocytes, especially in the external sinus and the lymph passages in 
the interior of the gland, and the forms which specially suffer are the 
small stationary cells and the wandering leucocytes. The cell-body in 
both cases becomes more granular, and sometimes fatty or vacuolated. 
The nucleus in the stationary form may either simply lose its power of 
taking up basic stains, or may run together into one or more homo- 
geneous masses, in which the reticular arrangement is lost, and which 
stain deeply and uniformly. In the wandering cells the nucleus really 
does break up into fragments, all of which stain intensely and uniformly, 
and which are in many cases extruded from the cell. 

I have said nothing hitherto as to the division of leucocytes into 
different classes according to the staining reaction of the granules 
present in their protoplasm. These granules, in the first place, are 
not present in all leucocytes, nor even in the majority of them. I n  the 
second place, all varieties of these granules may be present in cells 
which cannot otherwise be distinguished from one another. There are 
no granules, as a rule, in the youngest leucocytes, in  the cells ripe for 
division (except in those eosinophile cells in the Lone marrow which are 
in the act of dividing), in the large stationary cells, nor in many of the 
wandering cells. Most of the eosinophile cells are wandering leucocytes, 
but some are of the smaller stationary variety. The neutrophiles are 
mostly wandering cells, and so are many of the basophiles, while some 
of the latter have rather the characters of the medium sized stationary 
cells. We really know too little about the connection of these granules 
with the life of the cell to classify leucocytes according to their presence 
or character. 

Hankin (40) has lately endeavoured to show that the alexins which 
secnre immunity are derived from the eosinophile granules. His argu- 
ments seem to me quite inconclusive, and I am much more inclined to 
believe with Metchnikoff that these granules I' represent reserve 
Illaterials, exactly similar to yolk grains and aleurone grains, which are 
also eosinophile " (47). I shall have to point out that eosinophile cells are 
specially frequent in the lymphatic glands and in the tissues of young 
fetuses, where they can have no microbicidal action, and where, on the 
other hand, it is more than likely that they have, in some way, to do with 
nutrition. 
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I should like here, too, to point out that in the matter of phago- 
cytosis it is not possible to draw a sharp line between the different 
varieties of leucocytes. Microbes are ingested mainly, perhaps, by 
wandering cells (not eosinophiles), but also by all varieties of the 
stationary cells. 

It must be recollected that these varieties of leucocytes are not 
sharply niarked off from one another, but that a leucocyte may pass 
through them all in the course of its existence. It is not likely that the 
large stationary cells ever pass into the wandering phase, but the smaller 
ones certainly do, and the wandering cells may again assume the char- 
acters of the stationary variety, and certainly their polymorphous 
nucleus may become rounded and divide by mitosis in the usual way. 

Adenoid tissue is simply an extremely vascular variety of connective 
tissue, whose meshes are much smaller than $hose of the subcutaneous 
tissue, for instance, and which has been adapted to retain for a time the 
leucocytes which wander out of the vessels, and to further their repro- 
duction. We shall see, too, that in its 
formation blood vessels and leucocytes play a part ; the blood vessels by 
bringing about the comparative density and richness in nuclei of the 
tissue and by carrying the leucocytes to it ; and the leucocytes them- 
selves by producing by their movements an increasing fineness of 
mesh and fibre in  the tissue. This process is carried to the greatest 
extent in those highly specialised parts of adenoid tissue which are 
now known as " germ-centres," and which are familiar to  every one as 
light circles with a dark circumference in sections of lymph glands 
treated with a nuclear stain. 

These structures owe their peculiarities to the arrangenierit of blood 
vessels within them. Only capillaries enter the germ-centre, and these, 
which are numerous, are so arranged that the terminal capillary 
loops are massed in  the centre. These capillaries are supported by a 
reticulum of connective tissue with very fine fibres, irregularly disposed 
and with fine meshes. At  the margin of the germ-centre, however, the 
reticulum is condensed, and the fibres are so drawn out as to lie very 
close to one another, forming a sort of capsule to the germ-centre, with 
very small spaces between the fibres. The leucocytes which pass out of 
the capillaries in the germ-centre will thus be held for some time in 
the fine meshes of the connective tissue in the interior, but .will always 
be pushed slowly towards the periphery by the cis a targo of exudation. 
During this journey, however, all or most of them divide by mitosis, and 
the resulting daughter cells being, of course, much smaller thall the 
parent leucocytes, will be carried more rapidly to the periphery. Here 
they are caught by the capsular arrangement of fibres, and in its meshes 
they remain heaped up for a time. They ultimately make their way 
through and pass into the lymphatic vessels just outside the germ-centre, 
or into the diffuse adenoid infiltration round about. 

The same process of new formation of leucocytes is constantly going 

It is a leucocyte net, in fact. 
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011 all through adenoid tissue, but in a more scattered and less centralised 
manner. Ordinary adenoid tissue is less vascular than the germ-centres. 
We may therefore regard it, on the whole, as a nursery for leucocytes ; 
we certainly always find adenoid tissue in places where there is a constant 
demand for fresh supplies of leucocytes to deal either with organisms or 
with waste products of one kind or another. 

DESCRIPTION OF PREPARATIONS. 

I n  describing the course of development I do not intend to discuss 
separately the formation of glands as it occurs in different animals. 
This would involve needless repetition, and it often happens that a stage 
which I possess in one animal fills up a gap in the series of other 
aiiiinals. There is no reason why this method of description should not 
be adopted, as the lymph glands in adult mammals are admitted to be 
identical in structure (cf. CuBnot (l8) ) ; and it is in the highest degree 
improbable that there should be any material difference in the evolu- 
tion of simple organs of this sort. As a matter of fact it will be seen 
that the course of development is identical in the different animals 
examined, and also in the different regions of the body which were 
observed. It did not seem advisable to examine only one region of the 
body, for I have already noticed the error into which Orth has fallen by 
so doing. I have given most attention, however, to the groin, for the 
position of the glands there, though it differs slightly in different 
animals, can be easily identified in each animal, and there are no other 
structures there which could possibly be mistaken for lymph glands. 

I propose to describe the different preparations in their order, 
without more comment than is necessary for explanation, and then to 
discuss the various questions of importance which arise out of this 
description. 

1. HUMAN FETUS, Q in, long ; complete longitudinal series ; here even the 
blood vessels are very imperfectly developed, and there is no trace of a 
lymphatic system a t  all. 

2 and 3. SHEEP FIETUSES, respectively 4 in. and Q in. long ; colnplete series 
of longitudinal sections.-The condition of the blood vessels is further 
advanced. The arteries are distinctly differentiated by the presence of a 
Iuuscular coat, the veins are lined only by an endothelium, supported by the 
unaltered connective tissue around. 

4, 5, and 6. RABBIT FOZTUSES, ;$, 8, axid 2 in. long respectively ; complete 
series of longitudinal sections of No. 4, of special parts of others.-The condition 
is much the same as in Nos. 2 and 3, but the blood vessels have become better 
developed. 

7. SHEEP F~TUS, 14 in, long.-Serial sections of both groins and the anterior 
aspect of the legs down to the knee, cut parallel to the longitudinal axis of the 
body.-This specimen is interesting, as it shows lymphatic vessels distinctly 
before there is any trace of a lyniphatic gland. The lymph vessels are only 
present in the loose connective tissue lying between the skin and the niuscles ; 
there are none running along with the large blood vessels, and they are not its 

No trace of lymphatic vessels or glands. 

No lymphatic vessels are to be found. 
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yet very perfect. They are simple spaces running mainly in the long axis of the 
limb, and not as yet perfectly tubular. They are crossed liere and there by a 
trabecula of connective tissue, they ramify freely, but can be traced tlirougll a 
considerable number of sections. Their distal end always breaks 111) to become 
continuous with connective tissue spaces, mhile their proximal end tends to  
become a rather more definite lymphatic vessel, which passes out of the prepara- 
tions in the direction of the iliac fossa. One of the most definite of these vessels 
is shown in Plate XXXII. Fig. 1, where a iierve, cut obliquely, lies in 1,he angle 
between two such vessels which are uniting to form a larger one. This vessel 
is lined by endotheliuni, but there is no condensation of connective tissue to 
form a true mall, and the vessel looks like what it, in all probability, is-a 
series of connective tissue spaces which have become dilated and continuous, 
while the septa or trabecula which cross it, and which in adjoining sections are 
absent, are the remains of the coniiective tissue fibres bounding these spaces. 
These vessels in all probability contain fluid, but it is uot of such a nature as to 
produce a coagulnm with reagents (it is indeed quite exceptional to find any 
coagulum in fcetal lynipli until a much later stage than this), and there are no 
leucocytes to  be seen. The connective tissue surrounding the vessel is of a 
very loose embryonic type, but the nuclei, round which there is very little 
protoplasm, lie upon very delicate fibrils, which ramify and interlace. The 
only continuous fibre or membrane seen is that forming the endothelium of the 
vessels, and this, though drawn strongly in thc figure, is not coarser than the 
fibrils of the connective tissue. 

8. HUMAN Fcmus, li in. long (i.e. from vertex to  coccyx), probably 
about 6 or 7 weeks old.-This fetus was contained in a pregnant, uterus, 
excised by Dr, Eerry Hart for extensive cancer of the cervix, and was removed 
from the uterus and placed in sublimate solution ininiediately after the 
operation was finished. I have a complete series of sections through the 
abdomen, pelvis, and legs, transverse to the long axis of the body, and as the 
legs were of course flexed on the abdomen the sections are cut across the groin 
and not along it, as is the case with most of the otlier specimens. 

Here the lymphatic systeni is much more fully developed than in the last 
specimen. There are well-marked tubular lympliatic vessels, not oidy in the 
subcutaneous connective tissue of the legs, but running along the femoral vesels. 
These all pass towards the groin, and there are lymphatic vessels also running 
from the external genitals arid from the anterior abdominal wall (deep ant1 super- 
ficial) towards the groin. A t  the point of junction of all these vessels there is 
a plexus of lymph vessels, the representative of both sets of glands which in the 
adult are found in the groin. When this plexus is reconstructed from the 
sections in its relation to the other tissues, i t  is found not to form a rounded 
mass in the depth of the groin, but to extend slightly up both the abdominal 
and crural sides of it, so tliat if the sections had been made in a longitudinal 
direction, the plexus would have had somewhat the same disposition that i t  has 
at  a later date, as is represented in Plate XXXIII. Fig. 6, though the lymphatic 
glands have not as yet appeared upon it. The lymph vessels in the plexus 
itself vary very much in size, but by tracing them from section to section they 
can be shown to anastoniose freely with one another. Their walls are lined by 
endotheliuni, and the connective tissue between them is distinctly denser than 
in the rest of the groin, though the connective tissne immediately surrounding 
the plexus is rather denser than it is elsewhere. Leaving the plexus are several 
large trunks which run along the iliac artery. 

This specimen is therefore extremely interesting, as allowing that even at 
this very early stage the arrangement of the lymphatic vessels in this region 
of the body is practically the same as in the adult, and as indicating that 
these vessels are probably patent from the periphery to the thoracic duct 
before there are any lymphatic glands at all, properly speaking. 
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Running between the vessels of the plexus are a few capillaries ; in tlie bit 
of tissue represented in Plate XXXII. Fig. 3 there did not chance to be any. On 
the other hand, that figure contains rather more than its fair share of leucocytes, 
which are to be seen both in the lumen of the lymph vessels, and in the meshes 
of the connective tissue. They are all of the variety described by me (33) as 
" wandering" leucocytes. There is no coagulum in the lumen of the vessels. 

I n  the abdomen of this fetus there is a similar plexus of lymphatic vessels 
in the position afterwards occupied by the lumbar glands and those at the 
root of the mesentery, but it is not so well defined. The number of leucocytes 
is rather greater, and some of them, perhaps 1 in 10, show eosinophile granu- 
lations. As far as the nucleus is concerned, they are all of the " wandering " 
variety. I n  the mesentery itself there is no well-marked plexus. 

9. RABBIT F ~ T U S ,  l& in. long, 21 days old; the groin and leg were 
cut, and a single lymphatic plexus found rather lower in the groin than in the 
human fe tus  last described, but otherwise not unlike it in many respects.-It 
seems to represent very much the same stage ; but the lymph vessels are wider, 
and occupy more of the plexus than in the previous case. Tlie section represented 
in Plate XXXII. Fig. 4 looks more like a large lymph space with an island of 
connective tissue in the middle, than a lymph plexus ; but when the series is 
followed out, it is found that the resemblance between this stage and tlie last 
is very close, except that the afferent and efferent vessels, and what may be 
called the external sinus, are wider. As one very often finds to be the case, 
the plexus surrounds, and is associated with the bifurcation of an artery, 
mliich in the figure is seen before it branchep. Most of the plexus is above 
the bifurcation, but it extends a certain distance along both of the branches, 
the lymph vessels which run along with then1 forming part of the afferent 
system. Other lymph vessels, shown at  q$., open into the sinus from the 
inner side, and the efferent vessel runs along the artery, and passes with it out 
of the preparation. The artery is seen in the figure cut obliquely as it tra- 
verses the main inas  of coiinective tissue in the centre of the plexus; the 
vein beside it is only cut into by the section, the rest of it lies deeper. 

A t  the root of the mesentery in this specimen there is a plexus of lymph 
vessels presenting the same appearances precisely as that in the same position 
in the last case. 

10. GUINEA-PIG FETUS, 14 in. long ; complete series of sections of axi11a.- 
Here there are two plexuses of lymphatic vessels a t  a little distance from one 
another, one apparently receiving the vessels coming from the thoracic n-all, 
the other those from the fore-limb. They are connected by numerous vessels, 
however, so that they almost form one plexus, and each lias upon it a structure 
representing a lymphatic gland, I n  tlie midst of a plexus of lyinph vessels, 
whose malls are formed of somewhat condensed connective tissue, is a large 
niass of connective tissue, traversed by an artery and a vein, and with the 
lymph vessels so arranged round it as to form an external sinus, whose con- 
tinuity is only broken from point to point by septa of varying thickness, which 
represent the walls of the vessels. There are inore blood vessels here than 
in the last specimen, and many more leucocytes. The latter are mostly of 
the wandering variety, but there are sonic large macrophages in the external 
sinus, and this is the first gland in which I can be sure that the leucocytes are 
nlultiplying by mitotic division, I11 these glands, as in all developing tissue, 
mitotic figures are, of course, common enough, but it is not always easy to be 
sure to what variety of cell they belong. I have drawn in Plate XXXII. Fig. 
5, however, an undoubted leucocyte in the dyaster stage, easily to be distin- 
guished from the connective tissue cells around it. 

The groin of this fcetus was also examined in a complete series of sections. 
The glaiids there are at the same stage as in the axilla, but contain relatively 
rather niore leucocytes. 

I n  the mesentery there are also a few lymphatic vessels. 
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11. HUMAN FCETUS, 3 in. long, taken from a pregnant uterus, excised post- 
mortem, but very well preserved ; complete series of longitudinal sections 
through the groin. 

At five 
different points in the groin there are structures which are already obviously 
lymph glands (these are all shown in the section drawn in Plate XXXIII., 
Fig. 6 ;  some better than others), and i t  will be noticed that they already 
correspond to the crural and inguinal sets of glands which are found in adult 
life. Running between and around these structures is a plexus of lymph 
vessels which is identical in position and arrangement with that described in 
specimen No. 8 ; the only differences are that here these gland-like structures 
have become developed at  certain points in the plexus, and that throughout 
the whole plexus there are far more blood vessels than there were at  that stage. 
The lymph vessels have still only an endothelial lining, and the connective 
tissue about them is at the same stage of structure as before ; there are, hom- 
ever, more leucocytes in the lumen of the vessels. 

Lymph vessels run to the plexus and glands from all the regions which in 
the adult are associated with the crural and inguinal glands ; from the leg, 
there are lymphatic vessels running along the femoral artery and vein, some of 
which, running beneath tlie vein, are shown in the figure, from the abdomen, 
the genitals, etc., and the efferent vessels pass away from the plexus in the 
direction of the iliac artery. A large vein (the saphenous 1) lies superficial to 
tlie lower part of the plexus, and passes through it in other sections than that 
shomn, to enter the fernoral vein. 

The lymph glands, as they may already be called, are obviously an advance 
upon the last stage. As is always the case in these fe ta l  groins, the lowest or 
more distal gland is the largest, and as it is the most isolated it is easier to 
study its arrangement than that of the glands higher up in the plexus. It 
will be seen at once that it is surrounded by an external sinus, wliich again is 
bounded externally by a slightly condensed connective tissue, equivalent to 
the capsule. This sinus is crossed by numeroils bridges of connective tissue, 
some very delicate, others stouter, and the latter carry vessels to the gland. 
There is, howcver, no definite hilus. The external sinus is in direct coin- 
niunicatioii with both the afferent and efferent vessels, and it will be noted 
that it is much more widely patent a i d  iiiore definite than was the case in the 
last shge. Along with this distinction goes an increase in definiteness in the 
shape of the gland itself ; it  is an ovoid body with its longer axis running in 
the direction of the lynipli vessels, not across it, and indeed, until a much later 
date, the glands, when reconstrncted from the sections, are found always to 
present this shape (cf. Plate XXXIII. Fig. 8). At this stage, then, the glands 
cannot be regarded as “filters for the lymph,” as they liave often been termed, 
however much they may later assume this function ; there is so obvious and 
easy a passage for that fluid by the external sinus that i t  is doubtful whether 
i t  mould ever enter the gland a t  all. But of this more again. 

The tissue of the lyniph gland itself here first resembles adenoid tissue of 
the adult type, but the reseniblance is as yet only imperfect. Plate XXXIII. 
Fig. 7 represents tlie edge of the lowest and largest gland described above, the 
external sinus and the connective tissue enclosing it. The connective tissue 
of the g l i d  contains ninny more and larger nuclei than the external connective 
tissue; and the fibres running between them are thicker and stronger, especially 
at the surface of the gland, where the nuclei and the fibres, foriiiing the ineshes 
of the tissue, run parallel to the surface and to one another, very much as they 
do at thc margin of a gerin-centre in adult adenoid tissue ; (cf. Hoyer (20) and 
myself, “). 

Below this capsular arrangement the spaces in the coniiective tissue are 
wider, and the arrangement of the nuclei and fibres more irregular, while 

The advance upon the preceding specimens is here very distinct. 
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deeper in the gland there are large numbers of young capillary Yessels, far 
more than have been noticed in any previous stage. There is also a much 
greater number of leucocytes in the meshes of the tissue, still almost all of the 
wandering variety, though here and there a stationary form may be found, and 
a compar;ttively large proportion of the wandering ones are degenerated 
(Plate XXXIII. Fig. 7 d.Z.), sonie have even entirely lost their nuclei, and 
are simply round masses of very granular protoplasm. 

The internal capsule of the gland is continuous, or a t  least there are no 
obvious openings by which the interior of the gland communicates with the 
external sinus, though if one could obtain a surface view of the inner capsule, 
one would be sure to  find in it the openings which are always present in even 
the densest reticular tissue. There iire no lymphatic vessels, properly so-called, 
inside the gland, which in this respect again resembles a germ-centre. 

12. HUMAN FETUS, 39 in. long; complete series of longitudinal sections 
of both groins. 

Here there is a distinct advance upon the last case; the glands have 
developed at the expense of the plexus. The largest, lowest, isolatetl gland, 
which I described fully in specimen No. 11, is now relatively rather further 
down the leg, and is connected by several large lyniph vessels with the 
remainder of the glands, which are iiiussed together at the flexure of the 
groin, and have increased so mncli in size that their sinuses have sometimes 
coalesced, whilst in other cases the vessels running between them are greatly 
dilated. The section shown in Plate XXXIII. Fig. 8 runs almost exactly 
through the middle of the lowest or crural gland. It is still an ovoid, with 
its long axis parallel to the long axis of the limb, and is completely snrronnded 
by a continuous sinus, broken only by rather delicate trabeculae, as shown in 
the drawing. I n  some other parts of the gland, however, the trtibeculre are 
thicker, and carry vessels. The afferent and efferent vessels both open freely 
into the sinus, and there is evidently no interruption to the flow of lymph 
past the gland. 

There are 
no lymph vessels inside, but plenty of blood vessels, mostly capillaries. The 
nuclei of the connective tissue in the gland are far more numerous than before, 
and relatively rather smaller, while their fibres are of about the same thickness, 
but form a very much closer meshwork than in any previous case (see Plate 
XXXIII. Fig. 9). The connective tissue of the groin elsewhere is also further 
advanced and more distinctly fibrous than hitherto. I n  the meshes of the 
gland are many leucocytes of all the varieties. What strikes one most is the 
large number of leucocytes whose protoplasm contains eosinophile granules ; 
many of tlie nuclei of these eosinophile leucocytes are degenerated. There 
are many leucocytes also dividing by mitosis, and there are consequently 
nuinerous young cells. I n  the external sinus there are also many loucocytes, 
which adhere mainly to the side next the gland, so as to give the internal 
capsule an almost woolly look. These leucocytes are almost all either of the 
wandering variety or else large niacrophages, many of which have devoured 
smaller leucocytes (see Plate XXXIII. Fig. 9, 112). 

13. HUMAN F ~ T U S ,  4 in. long; from an abortion, due to an accident; 
the tissues were fixed almost inlnlediately after birth, and were beautifully 
preserved ; complete series of sections of groin.-The glands are rather larger 
than in the foregoing case, but in arrangement and positiorl resemble them 
very closely. There is a difference in regard to the blood stlpply, however. 
To each gland there passes an arteriole (see Plate XXXIII. Fig. lo), which 
enters at one of the bridges of connective tissue passing through the sinus. 
This bridge thus becomes a true hilm. There are small intra-glandnlar 
lymphatics also, wliich become evident for the first time, and which unite to 
pass out at tlie hilus. 

The glands look much denser than anything me have yet seen. 

They are better seen in specimen No. 16. 
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Tlie axilla of this embryo mas also cut, and sliowed a similar condition of 
the glands there. 

The intestine and mesentery shorn that here also the development of the 
glnnds has been advancing. I n  the submucous tissue of the intestine there 
are a few scattered leucocytes, and running in the mesentery are large l p -  
phatic vessels containing coagulated lymph and leucocytes. Upon these 
vessels, where they form a plexus round the large branches of the niesenteric 
artery and vein, is n chain of glands. These glands are not quite SO far 
advanced as are those in the groin. They are smaller, and do not contain 
so many leucocytes, but their minute structure presents no special difference. 

I n  the loose tissue surrounding the thymus of this embryo are some more 
rudimentary glands, which will be described more fully in discussing the 
general plan of formation of these structures. 

14. HUMAN FCETUS, 4 in. long; coiqlete series of sections of groin.-- 
This fetus was not fixed or hardened by myself, but 'tiad simply been put at  
once into ordinary methylated spirit. As a result, there is some shrinking of 
the connective tissue, which, however, in this case I do not regret, for while 
the glands do not differ in any res1)ect from those last described, the shrinking 
lias left the lyniph vessels more than usually patent. There are several glands 
in the groin, but there is still a plexus of lymph vessels running between them 
which is not in any essential point different from that described in the human 
fe tus  of la in. long (specimen No. 8). 

15. WHITE RAT FQTUS, near full time; complete series of sections of leg 
from knee to pelvis.-Here, much further dowii the leg than in the human goin, 
is a single gland, which, like that of the rabbit (specimen No. 9), lies at the 
bifurcation of an artery and vein, with branches of these entering it by a fairly 
distinct hilus. As in that specimen, the afferent lymphatics run towards the gland 
along the vessels; the efferent vessels still communicate freely with the external 
sinus. The external capsule is denser than in any previous case, and there are 
more trabeculae crossing the sinus. The minute structure of the gland itself is 
very much the same as in any of the last three cases. There are, however, inore 
wandering leucocytes to  be noticed in the tissue of the capsule than before. 

16. WHITE RAT (new-born) ; complete seyies of sections of adla.-This 
is the first stage which really looks like an adult gland, though on a very small 
scale. The sections happen to run parallel with the long diameter of the gland, 
and it is seen (cf. Plate XXXIIT. Fig. 11) to have assumed the typical renifornl 
shape. The connective tissue round it is condensed to form a typical capsule of 
ordinary fibrous tissue, infiltrated to a slight extent with wandering leucocytes, 
and pierced at several points by afferent lymphatic trunks. Beneath this the 
external sinus runs all round the gland, interrupted by a vastly increased 
number of delicate trabeculae, and by a few thicker ones, one of which carries 
the inah  artery and vein of the gland and fornis a true hilns. la the sinus 
m e  nuinerous leucocytes, either of the wandering type or large macrophages. 

The gland is placed astride of an artery and a vein, both of which send 
Iiranches into it by the hilus. Tlie capillaries running between their branches 
are fairly numerous, but have been omitted in the figure, in order to  give a 
clearer view of the intra-glandular lymphatics. These vcssels appcar here for the 
first time with any definiteness, and are not much larger than capillaries. They 
form a branching network through the gland. I n  a few cases, perhaps three, they 
open into the cxternal sinus at  their distal extremity, and in one section a lymph 
vessel passes right through the gland from the external sinus to the efferent 
vessels at the hilus ; but generally the distal termination is by opening into the 
connective tissne sp~ces  in the gland itself. These vessels run towards the 
hilus, ant1 there unite, with many anastomoses, to form several efferent vessels, 
which pass out of the gland at the hilus along with the artery and vein. The 
external sinus opens into one or more of these efferent vessels, so that there is 
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still the possibility of a free circulation of lymph past the gland altogether, 
but the great increase in the number of the trabeculae crossing the sinus would 
make this more difficult. All these lymphatic vessels, both intra- and extra- 
glandular, have only an endothelial lining ; there is no condensation of con- 
nective tissue outside this to form a proper wall. 

The connective tissue inside the gland is very much like that of adult 
adenoid tissue, and the number of leucocytes lying in its meshes is now very 
great, so that at  many points the tissue looks like adult adenoid tissue outside 
a germcentre, except that here there is still a large number of wandering 
leucocytes. The leucocytes are most numerous in the cortical part of the gland, 
but not at  the very edge ; the hilus is almost free from them, and the intra- 
glandular lymph vessels only contain a few large ones. 

17. MOUSE (new-born).-I have of this a complete series of transverse 
sections through neck, thorax, abdomen, and pelvis. The glands are all very 
~iiuch of the same character as those last described, though generally a little 
smaller, and with not quite so many leucocytes. I need, therefore, only note 
the positions in which glands are to be found. The thymus is nearly 
adult in structure and, apparently, contains most of the leucocytes in the body ; 
there is a small gland near each carotid which seems to receive among others 
the lymph vessels coming from the thymus, as far as I can trace them. There 
are glands in the axilla and in the groiu. Apparently there are none at  the 
root of the lung, but at  the root of the mesentery there is a large one, perhaps 
arising from a coalescence of two or more, and in the mesentery near its root 
are one or two sniall ones. 

18. RABBIT (new-born).-Complete series of transverse sections of groin. 
Here therc are three sinall glands, lying close together round an artery, in the 
midst of subcutaneous tissue which is already loaded with fat. The external 
capsule of the glands-or gland, for they are all alike-is hardly so well 
marked as that in specimen KO. 16; the sinus presents much the same appear- 
ance, and the glands are so arranged that the ererent vessels of one open as 
afferent vessels into the sinus of the next, and so on. There is not, therefore, 
that coalescence of the sinuses of several glands which we noted in specimens 
12, 13, and 14, nor is there anything like the number of lymphatic vessels in 
the subcutaneous tissue that we remarked there. The artery gives off a branch 
to each of the glands, which soon breaks up, and most of the vessels in the 
gland are either capillaries or veins (see Plate XXXIII. Fig. 12). I have 
noted this fact in regard to the tonsil (%), and it probably holds good for 
all adenoid tissue. The leucocytes are more 
numerous than in specimen No. 16, and the gland looks like ordinary adenoid 
tissue. The intra-glandular lymphatics can be fairly well made out, and unite 
into several trunks, to pass out a t  the hilus. 

19. HUNAN FQTUS (7 months, I omitted to keep a note of its length). 
-Here I exainined the groin and mesentery. The lymphatic glands in the 
groin are now so large that they can be easily distinguished in the subcutaneous 
tissue as pink masses of about the size of a pea, and they present novery note- 
worthy differences from the adult condition except that no germ-centres have 
:LS yet nppearod. The arrangement of the blood vessels and lymphatics is quite 
like that in the last human stage described, except that both are larger, and 
thus more like the adult condition. Tlie iietmork of lymphatic vessels at  the 
hilus is particularly well seen. 

In the mesentery there are now a large number of smaller glands, arranged 
about the branches of the mesenteric artery, and approaching much nearer the 
edge of the intestine than in the last case described. They are not so large as 
the glands in the groin, but present otherwise an adult structure. 

20. HUMAN FQTUS (full time).-Here the glands in the groin do not differ 
greatly from thosc last described. I n  illustration of the fact that lymph glands 

There are no germ-centres. 
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vary immensely in number, size, etc., in different individuals, it may be noted 
that the glands in this case are not nearly so large as in the last, though the 
fcetus itself was much larger. 

RECAPITULATION AND DISCUSSION OF SPECIAL POIXTS. 

We have now traced the development of the lymphatic system in 
mammalian embryos from a stage where there were as yet no definite 
lymph vessels, through a condition where the embryos resembled the frog, 
for example, in possessing lymph vessels but no lymph glands, to the 
ultimate state where the glaiicls are fully developed and practically 
adult in structure. I n  doing this many questions have presented 
themselves, and I shall now discuss them in order. 

Fimt appenmnce of lyniphntic ressels and glands.--It is perfectly 
evident that the vessels precede the glands by a long time, and that 
the glands only appear after the system of vessels is complete. I n  
regard to the development of these vessels, it is hardly correct anato- 
mically to say, as Balfonr (9) does, that they originate as simple intey- 
ecllulur spaces. Morphologically, this is of course quite accurate, for, 
as Ziegler shows, the primary body cavity or protocoel is filled up by 
niesenchyinatous or connective tissue, and the spaces left between these 
cells must even, in the very earliest stages, contain fluid, and may, there- 
fore, be regarded as lymphatic spaces. But the embryos, Nos. 1 to 6, 
had long passed this stage, and nothing resembling lymphatic vessels 
had as yet appeared. It is not, indeed, until the connective tissue 
becomes distinctly fibrous that the rudiments of lymphatic vessels are 
found, and their appearance coincides with a fuller development of the 
blood vessels. The fibres of the connective tissue at  this stage are, it is 
true, very delicate, but it is dificult to see how true lymphatic vessels 
could be formed before the connective tissue had acquired sufficient 
power of resistance to form a membranous wall for them. We must 
renieinber that while from our habit of viewing tissues in section 
we are apt to regard young connective tissue as composed of cells and 
fibres, these fibres are in many cases merely a profile view of mem- 
branes, as the study of thick sections shows us. 

The first lymphatic vessels seem to appear, not round the blood 
vessels, as Budge (15) supposed, but in the subcutaneous connective 
tissue, which in early fmtuses occupies a much larger proportion of 
the limb, for example, than iii later stages, because the muscles are 
as yet imperfectly developed. This tissue consists of a spongy mass 
of delicate membranes and fibres, crossing and recrossing in all direc- 
tions, so as to leave between thew inter-communicating spaces. 
Through these spaces the fluid exuded from the blood vessels or 
secreted by their cells, i f  we accept Heidenhain’s view (35) of the 
process, would in any case filter slowly, and it is obvious that the 
direction of the lymph flow will always be towards the proximal end of 
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the limb as it is in adult life. Those spaces which lead most directly 
towards this destination will naturally come to be most used, and as the 
12s n teryo of exudation or secretion beconies greater with the greater 
development of the blood system, their walls mill be pressed upon, the 
spaces will be dilated, and those membranes or fibres which cross the 
incipient vessels will be ruptured or absorbed. We see this change 
in progress in Plate XXXII. Fig. 1. As tiine goes on and the lymph 
stream becomes greater, these ressels will be still further dilated, and 
the coniiectivc tissue round them compressed to form a more definite 
wall. 

It is interesting to note the difference in the mechanism of develop- 
ment between lymph vessels and blood vessels. The foriner arise by 
dilatation of pre-existing spaces, while the latter (apart from their very 
first origin) begin as solid buds from pre-existing capillaries, which only 
become hollow a t  a later date. 

Tlbe position of lyinphatic glands.-The minds of histologists have 
been sorely exercised as to the reason why lymphatic glands appear so 
regularly in certain parts of the body, and various theories have been 
formed to  explain the facts, The most coherent of these is that given 
by Budge (15), who considered that i f  the lymphatic vessels were not 
sufficiently large to carry off the lymph, or if there were some 
mechanical impediment to the flow, i is  for instance in the bends of 
the joints, the lymph would be poured out into the surrounding tissue. 
If this happened occasionally, and only to a small extent, a diffuse 
adenoid infiltration of the connective tissue would result. If, however, 
this lymph passage were used oftener, follicles would be fornied with 
channels to and from them, and in special cases complete lymph glands 
would appear. Zehnder (z6) discusses the same question, and agrees 
with Bayer (l2) that lymph stasis must be of importance in producing 
lymphatic glands, while Teichmann (*) believes that lymph glands are 
to be found normally at  places where there is a hindrance to the 
passage of the lymph. All these observers, however, assume that 
the lymph at all periods contains leucocytes. This may be true 
enough for the chick on which Budge’s observations were made, but 
in mammals, as I have already noted, leucocytes are not present in 
the earlier stages, and are infrequent a t  a stage (specimen No. 8) 
when the plexuses which precede lymph glands are already developed. 
There is a fairly complete agreement among authors that lymph 
plexuses do precede lymph glands, but these is no unanimity as to 
whether these plexuses are in continuity with the lymphatic vessels. 
Froril the description of the specimens it will be evident that this 
continuity is complete. 

To understand the course of developmellt it will be necessary to 
classify lymph glands according to the order in which they appear. I 
have shown that the first to be developeci are those in the groin, the 
axilla, the neck, and along the anterior surface of the vertebrae in the 



468 G. LO VXLL G ULLAND. 

abdomen at  the root of the mesentery. Not only are these first 
developed, but mice and rats, for example, are born with no others, 
and in some rabbits even, the oiily others which appear are those a t  
the root of the lung. These, therefore, niay be called the primnr?y 
lymph glands. There are also secondary lyniph glands, which appear 
later in life a t  the bend of the elbow, in the popliteal space, along the 
iliac arteries and aorta, and in the mesentery itself. (I am, of course, 
leaving out of account such peripheral lymph glands as the tonsils.) 
The name tertiary lyniph glands may be applied to  those which are 
developed on certain special occasions, such as the extra lymph glands 
which appear in the axilla during lactation and those which are so 
common in pathological conditions. 

The primary glands are of course of most importance, and I would 
point out that these all lie a t  points towards which numbers of 
lympliatic vessels converge froni neighbouring regions of the body, as 
the spokes do to the axle of a wheel. Thus to the groin run lymphatics 
from the surface and from the deeper tissues of the leg, from the 
abdominal wall, from the external genitals, and from the gluteal region ; 
to the axilla run vessels from the arm and from the thoraic wall; to 
the neck come vessels from the head and from the thymus, an organ 
which plays a most important part in the lymphatic distribution in 
early life; whilst to the glands a t  the root of the mesentery course 
vessels from the intestine, from the inner surface of the abdominal 
walls, and also, perhaps, a t  an early stage, froni the glands of the groin. 

Of all these the system in the groin is the simplest and the one which 
I have most studied. The lymphatic vessels run towards it in the form 
of several trunks from each region, in order to pierce the abdominal 
wall with the blood vessels. We have already noticed that these 
lymph vessels are developed in a somewhat haphazard manner, and 
one would be surprised to find them uniting into a single large trunk. 
They meet by anastomosing over a somewhat wide area, and form a 
plexus from which not one but several trunks pass through the 
abdominal walls. One finds very early in development that the size 
of the plexus in the human fcetus is much larger than in rodents, a 
fact which is of significance in connection with the relatiTely larger 
number of glands possessed by the adult human being. 

It has never been clearly determined whether these plexuses are 
converted directly into lymph glands, or whether there is some more 
roundabout process to be gone through. As a matter of fact the 
process is a complex one, and it is the same whelher several glands 
are formed in a plexus, or only one. Strictly speaking, the lyniphatic 
vessels of the plexus do not enter into the composition of the gland a t  
all. Some of them remain to form the external sinus, but the others 
are ntilised merely as communications between gland and gland, as the 
afferent and efferent vessels. The details of the process, as I trace it, 
are as follows:-All the primary lymphatic plexuses are near large 
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arteries, the femoral, axillary, carotid, or aorta, and are in regions well 
supplied with branches of these vessels. In  every plexus one finds in 
the midst of the lymph vessels a nodule of connective tissue (or several 
nodules, as the case may be), which is either traversed by an artery, or 
has an artery close to it (Plate XXXII. Fig. 4). The connective tissue of 
this nodule, as of the whole plexus, is condensed in comparison with the 
tissue around, probably from the dilatation of lymph vessels in course of 
development, of which I have already spoken. In  the nodule the develop- 
ment of blood capillaries from the artery which supplies it far exceeds 
that which takes place either in the rest of the plexus or in the sur- 
rounding connective tissue, and as development goes on this difference in 
vascularity becomes more and more marked, nntil we have the extreme 
amount of difference shown in Plate XXXIII. Figs. 10 and 12. Asso- 
ciated with the development of blood vessels is a marked increase in the 
density of the connective tissue in the nodule, and I (”) have shown 
that this condensation always precedes the formation of adenoid tissue, 
in whatever way the condensation is brought about. As soon as the 
connective tissue becomes denser, we notice the appearance of leucocytes 
in its meshes. They are scattered rather irregularly through the plexus 
in the human fe tus  No. 8, but when the condensation in the nodule has 
advanced a stage further, as in No. 10, most of the leucocytes are to be 
found in the nodule, and there mostly towards the margin. To this 
situation they would naturally be brought by the capillaries, which loop 
round just short of the margin in these nodules, and it is to be noted 
that no leucocytes appear in the nodules a t  all until they are to be 
found in the blood and in other regions of the body, especially in the 
thymus. The greater number of the leucocytes in the nodules in the 
early stages probably come from the blood; they are all of the wandering 
variety; but some probably come with the lymph stream from the 
periphery, as they are to be found in the lymphatic vessels, and 
especially in the plexus round the nodule. While they are passing 
along the lymph vessels towards the plexus, they will not tend to be 
arrested, as there is a certain amount of ziS a teygo, but when they get 
to the plexus there will certainly be some delay in the lymph flow, 
were it only from the widening of the vessels, and the leucocytes will 
tend to wander into the tissues. 

The more blood vessels are developed in the nodule, the more 
leucocytes emigrate from them, and the denser does the connective 
tissue become, and as soon as the condensation reaches such a point 
that the leucocytes are hindered in their wandering, we have them 
beginning to multiply by mitosis (cf. specimen NO. 10, Plate XXXII. 
Fig. 5). This affords a further illustration of my contention that 
adenoid tissue is a “leucocyte net,” so to speak, an arrangement of 
connective tissue for detaining leucocytes, and for furthering their 
multiplication by a special richness of the blood supply. 

The development of the externul sinzts.--This obviously arises from the 
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lymph vessels of the plexus which pass round the nodule. The growth 
in size and density of the nodule forces the lymph t o  pass round it, and 
the broad septa which separate the parts of the sinus from one another 
in the early stages (Plate XXXII. Figs. 2 and 4) are thinned down in the 
process of dilatation of the vessels which results from the increased lymph 
stream, until we get a continuous external sinus crossed only by a few 
delicate trabeculze (Plate XXXIII. Fig. 6 ,  and, a t  a later stage, Fig. S), 
with one broader bridge where the main blood vesscls enter the gland. 
In  the cases where an artery pierces the original nodule (Plate XXXII. 
Fig. 4), it seems not improbable that the gland becomes developed only on 
one side of i t  (cf. the description of speciinen No. S), or that two glands 
;ire developed, one on either side of the artery (cf. description of No. 18). 

The numerous delicate trabeculz which one finds crossing the 
external sinus in adult glands are obviously of later formation. This can 
be traced in Nos. 15 and 16. It is only in the largest adult glands that 
they become so numerous as they are usually represented in schematic 
figures in text-books. 

The external capsule arises simply by the condensation of the 
surrounding tissue as the gland increases in size. This process call be 
traced all through rny preparations. 

In  fa ta l  life the capsule is uniformly stretched over the gland, but in 
extra-uterine existence it sends thick trabeculze into the gland, on either 
side of which runs a lymph vessel which ramifies in the gland, while 
the thick trabecula breaks up into finer fibres which become continuous 
with the fibrils of the reticulum ; (Hoyer, zo). I was curious to find out 
how these developed, and examined for this purpose the glands of ;I 
nninber of young rabbits. I found that the growth of the gland did not 
take $ace unifornily, but that buds, as it were, were thrown out on 
the surface of the gland, which thus came to have a nodulated appear- 
ance. Those buds seemed to be due to the irregular growth of the blood 
vessels in the gland, and to the consequent proliferation of connective 
tissue and increased emigration of leucocytes. There was thus produced 
it folding of the capsule (see Plate XXXIII. Fig. 13), and the parts 
thus enfolded became, as the outward growth of the gland increased, 
ikabeculz which had all round them part of the original external sinus, 
which was thus converted into a lymph vessel running into the gland. 

The development of the intru-glandt~lu~ connectize tisszce.-The old 
view in regard to this element of adenoid tissue was that it consisted of 
a network of branching cells, but the digestion experiments of Hoyer (20) 

have finally shown that in the adenoid tissue of the adult the ineshes 
are formed by fibres, and Stohr (") has demonstrated that in the 
developing lingual tonsils the same is the case. He chose this object, 
because these tonsils develop late in fcetal life, a t  a time when the con- 
nective tissue is distinctly fibrillated, and he believes that reticular 
tissue (which is never found without leucocytes in the meshes) is a 
variety of fibrillated connective tissue, produced by the penetration of 
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leucocytes into the thick connective tissue bundles, which are thus split 
up into ever finer strands, until at last a network is formed. Conil (") 
and I myself (33~ P. lM) had already enunciated similar opinions in 
relation to lymphatic glands and to the tonsils. 

But when we come to examine the matter in lymph glands, we find 
that the conditions are rather different, for the lymphatic glands are 
developed much earlier than the lingual tonsils, though Conil made the 
mistake of thinking that there are no lymph glands before the fourth 
month of intra-uterine life in the human fetus. It is, however, specially 
easy to follow the development of the reticular tissue in this case, 
because the glands lie in the midst of undifferentiated connective tissue, 
and any difference between the two is a t  once apparent. 

By the time when the lymph plexuses first appear the connective 
tissue within them is distinctly fibrillated, there is no question of a 
reticulum of branching cells, and this is much more evident in the 
plexus than outside it (cf. Plate XXXII. Figs. 2,5,  and Plate XXXIII. 
Fig. 7). Flemming (") has shown how early in the salamander larva 
fibrils appear in the cells, so that this apparently early fibrillation here 
need not surprise us. When we can first say definitely that we have 
to do with a gland, we find the distinction between intra- and extra- 
glandular tissue still more marked (Plate XXXIII. Fig. 7). The nuclei 
of the intra-glandular tissue are larger and especially longer, while the 
fibres on which they lie are more numerous, stouter, and enclose smaller 
meshes. In  Plate XXXIII. Fig. 9 this change is carried still further ; 
though the nuclei are no longer any larger than those of the extra- 
glandular tissue, they make up for that by the increase of their number, 
while the fibres are still stouter and the meshes smaller. From this 
point, however, the process is in the other direction. Henceforward 
more and more leucocytes make their appearance in the glands, and they 
seem to split up the fibres in the way which the three authors cited 
above have described, with the result that the connective tissue soon 
assumes the look of adult adenoid tissue, between which and that shown 
in Plate XXXIII. Fig. 9, the main difference is in the increased fineness 
of the fibres in the adult form. 

I n  the glands, therefore, we have the connective tissue coming much 
more rapidly to maturity than outside, probably because of the more 
complete vascularisation of the tissue, and then transformed by the 
action of the leucocytes into reticular tissue, while the connective tissue 
around slowly develops into the adult fibrillated form. 

The cozcrse of the lymph stream uround and in t 7 ~ e  developing lynLpJL 
glands ; tlcc development of iittra-glancldar lymphatics.--I have already 
shown that the lymph glands are not developed from the lymph vessels of 
the plexus, but from nodules of connective tissue lying inside the plexus 
and surrounded by the lymph vessels. There can be no doubt, then, 
that at first the lymph simply flows past the nodules as it does past any 
other part of the plexus. For a considerable period of development the 
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same thing goes on. I n  Plate XXXIII. Figs. 6 and S, for instance, 
the afferent vessels open into one side of the external sinus, while the 
efferent vessels open from the other side, and it is very doubtful whether 
the lymph will ever enter the gland at  all. There is certainly no reason 
why it should do so, for the external sinus is quite wide enough to allow 
any amount of lymph, which can enter it by the afferent vessels, to pass 
through to the efferent lymphatics without being delayed in its course. 
Indeed, there seems reason to believe that even in adult life this primary 
extra-glandular circulation goes on. I n  all the ordinary schematic draw- 
ings of lymph glands, one finds figured a communication between the 
external sinus and the efferent vessels close to the hilus, and in all the 
adult glands which I have examined in regard to this point, I have 
found this communication present in one or more places. 

There seems, however, to be little doubt that when once the intra- 
glandular lymphatics are developed, the circulation of the lymph 
through the gland is carried out largely by nieans of them. This has 
been shown by injection experiments, and by the study of the positions 
taken up by the large macrophages which had taken up pigment or 
other substances brought by the afferent lymph vessels (cf. Hoyer, 20). 

The intra-glandular lymphatics do not exist in the gland from the first, 
but appear in my set of preparations first in specimen No. 13. It is to 
be noted that their appearance coincides with a great increase in the 
vascularity of the gland, and with the presence in it of a larger number 
of leucocytes than before. These two facts justify us in believing 
that the amount of exudation from the blood vessels has greatly 
increased, and it is, therefore, not an unwarrantable assumption that 
the lymphatic vessels arise within the glands from dilatation and 
anastomosis of pre-existing connective spaces, as I have shown to  
be the case with the first lymphatics that appear. This view is 
borne out by the fact that in No. 13 the intra-glandular lymphatics 
appear as ill- defined, irregular spaces, between which no communi- 
cation can with certainty be traced, while in specimen No. 16 
the ramification is already established. As one would expect, these 
vessels do not a t  first open into the external sinus in any great number. 
Their distal extyemities are about halfway through the gland, that is 
just inside the zone where the leucocyte infiltration is thickest, and here 
their openings into connective tissue spaces can be traced. The tendency 
of lymph in a peripheral circulation is always to run towards the point 
where the artery of supply enters, and we therefore find the network 
of intra-glandular lymphatics passing to the hilus and making a connec- 
tion with some of the pre-existing efferent vessels. 

Thus at first the intra-glandular lymphatics simply represent a lym- 
phatic system for the lymph gland itself, while the great bulk of the lymph 
probably passes through the external sinus directly into the efferent 
vessels. (In specimen No. 16, for example, the external sinus opens into 
the efferent vessels in several places.) As the gland enlarges, however, 
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it steadily presses upon the surrounding tissues and tends constantly to 
diminish the relative diameter of the external sinus, and to form a 
capsule for itself by the resulting condensation of connective tissue. 
The afferent vessels are constantly kept open by the flow of lymph, but 
it seems likely that those efferent vessels which are a t  a distance froin 
the hilus may be compressed by the growth of the gland, which grows of 
course from the hilus as a fixed point. Those efferent vessels, on the 
other hand, into which the intra-glandular lymphatic system opens, will 
always be kept patent by the flow of lymph from the gland. Thus the 
tendency will be for the gland to be inserted more and more as an 
obstacle in the path of the lymph, and when that occurs those intra- 
glandular lymphatics which happened to open into the external sinus 
will tie utilised as a means of entry for the lymph into the gland, and 
their number will be increased so that the lymph stream will pass 
through the gland instead of going round about it. This is practically 
the adult condition of affairs. I quite agree with Toldt, however 
(111 p. 3 7 9  that the number of efferent vessels is usually understated, and 
would note that he figures (fig. 101, a) a direct anastomosis between the 
afferent and efferent vessels. This must be regarded as a remnant of 
the original plexus in which the gland was formed. 

The relation of lezicocytes to the development of lymphatic glands.- 
Flemming (14) showed some time ago that lymph glands were centres 
for the multiplication of leucocytes, and this observation has been 
confirmed by Hoyer (ZO), myself (B), and others; and it is now quite 
definitely proved that leucocytes divide by mitosis, and that the 
leucocytes formed in the lymph glands are derived in this way from 
pre-existing cells of the same kind. It is, however, not yet definitely 
settled what is the source of the original leucocytes in the gland from 
which the others descend. Fleniming ("O) appears still to consider that 
they may arise from connective tissue cells, and Ziegler (") considers 
that the lymph glands are parts of the rnesenchyma which preserve an 
embryonic character, and where new mesenchyma cells are continually 
formed by division and carried off by the lymph stream. Bonnet (za) 
has also adopted this view. Stohr (361 45) and myself (34), in describing 
the development of other forms of adenoid tissue, the tonsils, thymus, 
etc., hare shown that no leucocytes appear there until they are to 
be found in the blood, and have demonstrated that the leucocytes 
wander out of the blood vessels into the connective tissue. Stohr has 
noticed that they are always to be found at  first round the small veins, 
and contirms my observation that the earliest leucocytes to appear are 
always of the wandering variety. 

It is not my intention to discuss here the original source of 
leucocytes in the mammalian embryo. Oppel(") has recently done this, 
and has shown that no researches as yet published have thrown any real 
light upon the matter. 

Under these circumstances it becomes of interest to ascertain the 
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soiirce of the first leucocytes to be seen in the lymphatic glands, and 
there are four hypotheses which might with some show of plausibility 
be put forward. 

1. That they are undeveloped cells of the mesenchyma, which 
reproduce themselves in this position. 

2. That they are derived from connective tissue cells. 
3. That they are brought to the lymph glands by the lymph stream. 
4. That they are brought to the lymph glands by the blood stream. 

1. This answers very nearly to the above-mentioned hypothesis of 
Ziegler, and may be very shortly disposed of. There are no undeveloped 
mesenchyma cells in the situation where lymph glands appear, as I can 
assert from repeated study, with high powers, of the hundreds of sections 
made of specimens 1 to 7. Further, the whole history of the formation 
of lymph glands as I have traced it shows that they are not remains of 
undeveloped tissue, but are, on the other hand, much more highly 
developed than the connective tissue which surrounds them. 

2. I have discussed (”) the question as to whether leucocytes can 
be transformed into connective tissue, and have found that the general 
consensus of opinion is in the negative. Stohr (36) adopts the same 
view, and expresses a conviction that the specificity of tissues, which 
holds good everywhere else, will hold here also. We may turn this 
conclusion round and believe that the leucocytes which do not form 
connective tissue are not derived from connective tissue. It is to 
pathologists that we are indebted for the belief that leucocytes are 
derived from connective tissue, for as they constantly find leucocytes 
associated with young connective tissue cells in granulation tissue and 
in inflammatory processes, they have considered that the two forms are 
interchangeable or are mutually derived from one another. No one 
has ever seen a connective tissue cell becoming a leucocyte, nor dividing 
so that one daughter cell remained as a connective tissue cell, while the 
other became a leucocyte. Flemming’s latest observations on the division 
of young connective tissue cells in the larva of Salamandm (31) prove 
that a t  an early stage fibrils are present in the outer part of the 
protoplasm oQ these cells, and that they are specially well seen when the 
cells divide. Thus at  a stage when these cells are comparatively 
undeveloped, they retain their specific characters in division, and the 
daughter cells are connective tissue, and not leucocytes. The whole 
tendency of Flemming’s labours has indeed been to show that in cellular 
biology, like produces like, and it is difficult to understand horn, in the 
face of his own observations, he can still retain even the shadow of a 
belief in the theory that leucocytes arise from connective tissue. I (B) 

have traced out a life history of leucocytes in which there is no room 
for fresh creations of leucocytes from connective tissue. Lowit (42) has 
even gone the length of believing that the nuclei of young leucocytes have 
special chemical properties which distinguish them froin those of other 

These are :- 
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cells, and there are many other observations, of Denys, Burdon Sanderson, 
and others, too numerous to quote, which all tend to show that leucocytes 
are a special kind of cell, and not interchangeable with other forms. 

I n  the preparations which we have been considering, everything goes 
to support this view. I n  specimen No. 7, where there are no leucocytes to 
be seen, the connective tissue is distinctly fibrillated, and its nuclei have 
assumed the ordinary connective type. I n  No. 8, where there are a few 
leucocytes, the connective tissue is still further advanced in develop- 
ment, arid the leucocytes are, without exception, of the wandering 
variety, that is, they have a considerable amount of protoplasm round 
the nucleus, which is more or less ramified or polymorphous, and stains 
diffusely. There are 110 young leucocytes or leucoblasts, as Lowit calls 
them, anywhere to be seen. If leucocytes were being formed from 
connective tissue in the gland a t  this stage, we might reasonably expect 
that this form of leucocyte would be found, while, as a matter of fact, 
none are present. The fibrillation of the connective tissue at  this stage 
is of course distinct. 

3. I have no doubt that this does occur to a certain extent, for in the 
lymphatic vessels of the leg, in specimen No. 8, a leucocyte may here and 
there be seen before the plexus is reached, but they are very few in number, 
and of course this simply carries the question further back, for how did 
they get into the lymph stream? After what we have said, it will be 
evident that it can only be from the blood. At  a later date, of course, 
many leucocytes are brought to the glands by the lymph, but during 
fe ta l  life the number is insignificant when compared with those brought 
by the blood. 

4. This is the great source of leucocytes in developing lymph 
glands. It is to be observed that leucocytes do not appear in this site 
until they are to be found in the blood, and that, as the vascularity of 
the gland increases, so does the number of leucocytes steadily increase. 
They are most numerous about the young blood vessels, and they are of 
the wandering variety, which means that they have had to make their 
way out of the vessels. It has been shown, moreover, that they are 
derived from the blood in developing adenoid tissue elsewhere, and their 
seems no reason to doubt that  their source is the same here (cf. Stohr 
and Gulland). 

When once the leucocytes have been brought to the gland in large 
numbers by the blood, they are retained in the close meshes of the 
reticular tissue J they split up the bundles of fibrils, as Stiihr has shown 
that they do in the tonsils ; and they very soon begin to multiply, so that 
the gland becomes like adult adenoid tissue and soon contains all 
vxieties of leucocytes. 

TIM &functions of developing lymph glands.-We may now ask whether 
the development of lymphatic glands throws any light upon their func- 
tion; why are these centres for the reproduction of leucocytes placed on 
the course of lymphatic vessels ? Hoyer (ZO), dealing with adult glands, 
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answers the question by concluding that lymph glands not only form 
leucocytes but are also places where dying cells and cell fragments which 
have got into the lymph stream are detained and taken up by other 
leucocytes. These leucocytes get rid of them through further metamor- 
phosis (by intracellular digestion), and the lymph glands are thus filters 
for the lymph. His experiments conclusively prove this, and my own 
observations on adult glands confirm his conclusions. But it is obvious 
that in the primary state of lymph circulation, as shown in Plate XXXIII. 
Fig. 6 and described on p. 462, the gland in no sense forms a filter for 
the lymph, as that fluid simply passes by it, and yet leucocytes are being 
brought to the gland by the blood in large numbers, and are making 
their way through its tissue into the lymph vessels. This is a t  a period 
of life, moreover, when we cannot expect that there will be any dead cells 
or cell fragments thrown into the peripheral lymph stream for the glands 
to filter out, nor are any irritant substances likely to be brought to the 
tissues by the blood, or to be introduced from without during fetal life. 
Of course we must allow for the preparation for extra-uterine life which 
must of necessity take place, and which, for example, brings the lungs 
to structural perfection before they have any function, but the lymph is 
flowing through the tissues from the time when the blood system is first 
developed, and it is therefore reasonable to suppose that the lymph 
glands have some function in connection with the lymph, even before 
they act as a filter, strictly speaking. It may be impossible to determine 
with certainty what this function is, as to answer the question would 
require a knowledge of the chemistry of fe ta l  lymph drawn from lymph 
vessels which have not passed through a gland, and the technical diffi- 
culties in  the way of procuring this pure and in sufficient quantity are 
probably insuperable. As a contribution towards an answer, however, I 
may draw attention to two isolated observations, those of Koeppe ("5) 
and Hofrneister (la), which are of importance in this connection. 

Koeppe, a t  Ludwig's instigation, started from the fact ascertained by 
Flemming, that leucocytes divided in large numbers in lymph glands, and 
were carried thence by the lymph stream. H e  argued, then, that if the 
afferent and efferent lymph vessels of a gland were tied, while the blood 
vessels remained intact, there would be a great heaping up of leucocytes 
in the gland, which would thus increase markedly in size. He chose for 
experiment a lymph gland in the neck of the dog where the above con- 
ditions could be easily fulfilled. One side of the neck was operated 
upon, the other left intact for comparison. Curiously enough, the result 
was exactly the opposite of what he had expected. I n  two dogs treated 
in this way, and killed after 14 days, in one killed after 18 days, another 
after 21 days, and a fifth after 26 days, the gland which had been 
operated upon was uniformly smaller than that on the other side of the 
neck, it contained fewer germ-centres, and in these there were fewer 
cells, and few or no mitotic figures. In two other dogs which were 
allowed to live for 54 and 57 days respectively after operation, the 
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glands were, on the other hand, found to be perfectly normal. Koeppe 
explains this by supposing that some lymph vessels had been left untied, 
but I should think it much more likely that new vessels had formed. 
For the first five cases he is a t  a loss to find any explanation ; he says that 
i t  looks almost as if the blood destroyed leucocytes rather than helped 
their formation. This is not the case, however, as we know from 
Spronck’s (”) observations, which have been c o n b e d  by myself (”) and 
others, that leucocytes dividing hy mitosis are frequently to be seen in 
the blood. Koeppe asks further whether the lymph contains something 
which is actively concerned in the new formation of leucocytes, or 
whether it works only by washing away injurious material, but gives no 
answer to his questions. The lymph cannot be actively concerned in 
the formation of leucocytes, because there are no lymphatics in the 
germ-centres, where the formation is most active, and because the 
tonsils, thymus, Peyer’s patches, etc., where mitosis is extremely active, 
are peripheral lymph glands, and me traversed by no lymph stream. 
When one thinks of these facts, one is inclined to believe that leucocytes 
are required in the lymph stream for the purpose of removing or using 
up some constituent of the lymph, which would do harm if it were 
passed on. into the blood. Hofmeister (I6) believes that one of the main 
functions of leucocytes is to absorb peptones in the intestinal wall, and 
that they act as peptone-carriers to the tissues, and he suggests that 
some peptone may escape assimilation in the intestine, may pass into 
the blood, and disappear from it first in the capillary distribution. This 
unused peptone would then pass into the lymph vessels, and would be 
met by the leucocytes of the lymph glands, which assimilate it as do the 
leucocytes of the intestinal wall and mesenteric glands. Probably, he 
goes on, this is only part of a wider scheme-the products of katabolisni 
of the organs and tissues may be used by the lymph glands as peptone is 
by the intestinal adenoid tissue, and only what escapes them and cannot 
be utilised goes on to the blood, to be excreted by the appropriate organ. 

Without, perhaps, going quite so far as Hofmeister does, one may 
yet entertain the possibility that some substance or substances are 
produced by tissue metabolism, even in the fcetus, which get into the 
lymph stream (as any such substance would, of course), which would do 
harm if they were carried on into the blood, but which can be absorbed 
or altered by leucocytes, and so rendered harmless. What the nature 
of this substance is it is hardly possible to determine, or even, a t  the 
present state of our knowledge, to conjecture, but such a theory would 
explain very well the activity of the lymphatic glands in fe ta l  life, and 
would explain also Koeppe’s results. For, when the lymph stream past 
the gland was arrested, there would cease to be any demand for leuco- 
cytes to deal with this substance,-and the common knowledge of 
inflammation shows us how readily the blood vessels bring leucocytes 
in answer to a demand for them,-and the gland would be converted 
into a piece of ordinary connective tissue, with no special need for 
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leucocytes. The fact that the germ-centres were still evident in the 
glands which had been operated on would probably be due to that 
increased permeability of the vessel walls in adenoid tissue on which 
Flemming(14), Stohr, myself (37 ,  and others have already dwelt, and which 
would prevent the gland from assuming immediately the appearance of 
ordinary connective tissue. When the lymph again circulated through 
the glands, as in Xoeppe’s two last dogs, the demand for leucocytes 
would again bring them to the gland. 

The development of secondary and tertiary glands : Xccondary 
glands.-These are always present relatively early even in fe ta l  life, 
where there is any great number of leucocytes to be found, or any active 
metabolic change going on in the peripheral district which they com- 
mand. Thus, in the thymus of specimen No. 13, there is, in the loose 
connective tissue round the capsule a plexus of lymph vessels with 
small glands upon them, precisely analogous to those found in the groin 
of the same fatus, though not quite so far advanced in development. 
Here the original epithelial thymus is being rapidly removed by leuco- 
cytes, and the katabolic changes occurring there evidently bring about 
the formation of glands by the same process as in the groin. I n  like 
manner, the rapid increase in the number of mesenteric glands in the 
human being after birth can be explained. I n  this connection it must 
be remembered, as Flemming (14) has well said, that blood vessels, and 
especially capillaries, in living connective tissue, are by no means fixed, 
but can undergo a considerable amount of change. This fact is of even 
more importance in regard to the tertiary glands. 

Tertiary glands.-Here, as in lactation and pathological conditions, 
the relation to metabolic changes is still more evident. All that has 
been said about developing lymph glands in the fetus  probably holds 
good here also, and from all that I have been able as yet to do in 
examining newly formed glands in pathological conditions, and from 
Stiles’s observations, it seems probable that the process is the same 
in the adult as in the fetus. It is not so easy, however, to  follow 
the changes in the connective tissue and blood vessels, because the 
leucocytes are vastly inore numerous, absolutely and relatively, in the 
adult than in the fetus, and they obscure the alterations in the other 
elements of the glands. I hope, however, a t  some future time to 
describe fully the changes which take place. 

Thc .formation of germ-centres.--I have not observed these in 
lymphatic glands during fetal life; the mitoses are always scattered. 
It is very likely that the meaning of this is to be sought in the fact that 
during intra-uterine life there are comparatively few leucocytes in the 
body. Both as regards nutrition (if leucocytes have to do with that) 
and protection from microbes, etc., the f e tus  is admirably furnished. 
It is only when the young animal commences independent existence 
that it requires many leucocytes, and there is nothing more striking 
than the rapidity with which, after birth, leucocytes accumulate in the 
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adenoid tissue surrounding the alimentary tract in particular, in its 
whole length. A similar increase, though not quite to the same extent, 
takes place in the lymphatic glands. They enlarge, and in some situa- 
tions, especially in the mesentery, they increase in number, but it is not, 
as a rule, until some time after birth that germ-centres appear. The 
actual time of their appearance fluctuates within very wide limits, so 
wide that it is not possible even to lay down an average. From what I 
have already said about them, it will be evident that their formation is 
due to a special arrangement of blood vessels ; here, as throughout the 
developing glands, the character and arrangement of the connective 
tissue is conditioned by the vascular supply. Why this special arrange- 
ment of vessels should arise a t  certain points in the glands I have not 
been able to make out ; Flemming (14) has already pointed out that germ- 
centres are disposed much more irregularly in the glands than used to 
be believed, and this is certainly the case. They may occur anywhere 
in the gland; they are not confined to its cortical part, and they are 
sometimes very large, sometimes small. The small ones may probably 
be regarded as germ-centres in course of formation, but there is a still 
earlier stage which can often be seen in young glands before there is 
any clear centre at  all. One finds in the compartments of the cortex, 
between the main trabeculae entering the gland, where germ-centres are 
always found at a later date, that at certain points the leucocytes are 
much more numerous than in the rest of the gland. These places can 
be picked out with the low power as more deeply stained patches, and 
when one comes to examine them carefully, one finds, by tracing them 
through a series of sections, that the patch of increased leucocyte 
infiltration is roughly spherical, and fades off all round into the ordinary 
adenoid tissue. There are many capillaries in it, and many scattered 
mitoses, At some point in this the capillaries attain the number a d  
arrangement necessary for a germ-centre, and the increased amount of 
exudation and leucocyte emigration at  this spot produces the capsular 
arrangement of fibres at  the margin, the leucocytes held in place by this 
arrangement begin to divide, and the germ-centre is formed. The 
distinction between the light centre aiid the dark margin is at first 
slight, but the more perfectly formed the germ-centre is, the more 
complete the difference becomes. 

CONCLUSIONS. 

In  very young niamnlalian embryos there are no lymphatic vessels. 
LymplLatic vessels are first observed in a sheep foetus, 14 in. long, 

and they appear before there is any trace of lymphatic glands in the 
body. The connective tissue when they appear is already distinctly 
fibrillated, and the vessels arise by dilatation of pre-existing connective 
tissue spaces in the line of the greatest lymph flow. Part of the fibres 
or membranes lining these spaces remain as the wall of the lymphatic 
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vessel, part are ruptured or absorbed; the nuclei of the connective 
tissue remain as the nuclei of the vascular endothelium. Lymph vessels 
appear first in subcutaneous and other loose connective tissue, not in the 
immediate neighbourhood of the main blood vessels. 

The primary lymphatic glands are those in the neck, axilla, groin, 
and at  the root of the mesentery : these glands are the first to develop, 
and are all fully developed in fatal  life. 

The secondary lymphatic glands are those at  the bend of the elbow, 
in the popliteal space, in the mesentery, round the aorta and iliac 
arteries, etc., and are developed in some animals in fatal life, in others 
not till after birth, and sometimes imperfectly even in the adult. 

The tertiury lyniphatic glands are formed in adult life on some 
special occasion, during the exceptional activity of some organ, or in 
pathological conditions. 

Yvinzmry lyinph glands all appear at  points towards which numbers 
of lymph vessels converge, and where they meet by anastomosing to form 
a plexus; these plexuses are all situated near large arteries, and are well 
supplied with branches from them. 

The Iymnph vessels of this plexus do not form the gland, though some 
remain to  form the external sinus, others as the afferent; and efferent 
vessels. The gland arises from nodules of connective tissue, surrounded 
by the plexus, traversed by an artery or running near an artery, in 
which the formation of capillary branches of the artery goes on rapidly. 
Along with this there is an increase in the condensation of the con- 
nective tissue, the nuclei become more numerous, and the meshes 
narrower, so that the leucocytes brought by the blood and lymph are 
caught and develop, dividing by mitosis, and going through their 
life-cycle. 

The external sinus arises from the lymphatics of the plexus which 
pass round the nodule. The septa between them are thinned by the 
fuiictional dilatation of the vessels, till only a few are left; one main 
bridge carries the blood vessels. Most of the numerous delicate tra- 
becuke in the sinus surrounding the adult gland are of later formation. 
The sinus is relatively much wider in early fatal  life than in the adult ; 
it is encroached upon by the growth of the gland, which also forms the 
capsule by compressing the tissue around. 

The main trabeculm of the adult gland are produced by the folding 
of the capsule from unequal nodular growth of the gland due to unequal 
distribution of the blood vessels. The folds thus formed are included 
in the gland with parts of the original external sinus round them, 
which form the lymph sinuses lying between the compartments of the 
cortex. 

At no stage does the intra-glandular connectioe tissue consist of 
branching cells ; it is fibrillated from the first, even in the plexuses ; the 
nicclei are at  first larger than those of the extra-glandular connective 
tissue, later they become smaller, as in adult glands. Up to  a certain 
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point the fibres in the gland are thicker than those outside ; when many 
leucocytes have appeared in the gland, they split up the fibres by their 
wanderings, until the adult degree of fineness is reached. The intra- 
glandular connective tissue is thus more rapidly developed than that 
outside, and is in no sense more embryonic in character. 

For some time after the lymph nodules are formed, the lymph stream 
simply flows past them by the external sinus ; the afferent vessels open 
into one end of the sinus, the efferent vessels pass out at  the other. 

The intra-glandular lymphatic vessels appear as a lymph system for 
the gland itself, formed only after the gland has become very vascular, 
and after the lymph exuded or secreted into its tissues reqaires to be 
carried away. They appear as dilated connective tissue spaces, formed 
like the primary lymphatics, and communicate distally with unaltered 
spaces, while proximally they anastomose to form a network whence 
lymph vessels pass out at  the point of entrance of the blood vessels. 
The bridge of tissue which carried these into the gland has increased 
with the increase in size of the blood vessels, and a true hilus is thus 
formed. The lymph vessels from the hilus open into some of the 
pre-existing efferent vessels. 

As the gland increases in size, the orifices of those efferent vessels 
which are at a distance from the hilus are closed by compression of the 
connective tissue to form the capsule, and the lymnphjlow is thus 
directed more and more thyough the gland instead of round it. This is 
assisted by the opening into the gland of fresh vessels from the external 
sinus, by the blocking of the sinus by freshly formed minor trabeculz, 
and the inclusion in the gland of folds of the capsule as main 
trabeculae. 

There is no reason to believe that the leucoytes in developing lym- 
phatic glands are derived either from remnants of the mesenchyma or 
from connective tissue cells. They do not appear in these situations 
until they have long been present in the blood and about the thymus. 
The earliest seen are all of the wandering variety ; there are no young 
leucocytes until the gland has become an independent centre for mitotic 
division of leucocytes. A few leucocytes are brought to the glands by 
the lymph (derived originally from the blood in the peripheral vessels) ; 
the vast majority emigrate from the blood vessels in the gland. 

Adult lymph glands act as filters for the lymph; in the early stages, 
before they can properly be said to act in this way, they are already 
active, perhaps in absorbing or removing from the lymph, by means of 
leucocytes, some product of tissue metabolisnl which would be injurious 
if it were carried on into the blood. 

Secondary a d  tertkwy glands probably develop in a similar way to 
the primary glands. 

Ccrm-centres do not appear in lymph glands in fatal life. 
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EXPLANATION OF PLATES XXXII. AND XXXIII. 

The following letters are used in all the figures t o  express the same things :- 

e.t. = connective tissue. 
e.t.n. 
c.t.f. 

b.v. 
nTt. 

r.b.e. 
Z. 

‘lU.1. 

d. 1. 

%7&. 

COS. 
712. 

??%US. 
C.S. 
tr. 

CCLZ). 

h. 
af. 
of. 
Zy. 
CP. 

7LOcl. 

connective tissue nuclei. 
connective tissue fibres. 
blood vessels. 
artery. 
vein. 
red blood corpusclc. 
leucocyte. 
wandcring leucocyte. 
degenerated leucocyte. 
eosinophile leucocyte. 
macrophage. 
muscular fibre. 
external sinus. 
trabecula. 
capsule. 
hilus. 
afferent lyiiiph vessel. 
efferent lymph vessel. 
lyniph vessel.. 
epithelium. 
nodule of condensed connective 

tissue. 
lymph gland. 

A11 of the drawings were made by myself, with the aid of a camera lucida. 

PLATE XXXII. 
FIG. 1.-Longitudinal section of subcutaneous tissue of the groin of a sheep fetus ( 7 )  ; see 

test, p. 460. ?&=nerve; m=ccll dividing by mitosis. Zeiss, Obj. DD, Oc. 
conipens. 4. ( X  240.) 

FIG. 2.-Transverse section of groin of human fetus (8) ; see text, p. 460. Obj. 2, Oc. 4. 
C x80.) 

FIG, %-Part of the lympli plexus shown in Pig. 2, to illustrate the character of the con- 
nective tissue. The nuclei of the leueocytes, in this and most of the other high- 
power figures, are represented as darker than the other nuclei for the sake of 
distinctness. Zeiss, Obj. Apoch. 2 nim. Ap. 1.40, Oc. cornpens. 4. ( x  500.) 
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FIG. 4.-Plesus of lymphatic vessels from groin of rabbit fetus (9) ; see text, p. 461. Obj., 

FIG. 5.-From the lymph nodule in the axilla of ,@wa-pig fcetus (lo), a leucocyte dividing 
Zeiss, 

etc., as in 2. 

by mitosis in the dyaster stage, in the meshes of the connective tissue. 
Obj. Apoch. 2 mm. Oc. compens. 8. ( x 1000.) 

PLATE XXXIII. 
FIG. 6.-Longitudinal section of the groin of human fetus (11) ; see text, p. 462. gr. =fold 

FIG. 7.-Part of the margin of the crural gland in Fig. 6, showing also the external sinus 

FIG. 8.-Longitudinal section of the crural side of the groin of human fetus (12), showing 

FIG. 9.-Margin of gland shown in Fig. 8, to illustrate the increasing condensation of the 

FIG. 10.-From the groin of human fatus (13), t o  show the blood supply of the glands. 
In  this, and in Fig. 12, the blood vessels are filled in in black ; the lymphatics 
are left clear. 

FIG. 11.-Lymph gland from the axilla of new-born rat (16) (the leucocytes are represented 
Obj. $, Oc. 

FIG. l2.-Lymph gland from the groin of new-born rabbit (18), t o  show the blood supply ; 

FIG. 13.-Section of a mesenteric gland from a young rabbit, to show the folding of the 

of the groin ; nM.=abdomen ; cr. =leg. 

and capsule. 

the most distal of the lymph glands ; see text, p. 463. 

reticulum. 

Obj. B, Oc. 2. ( x 40.) 

Obj., etc., as in 3. 

Obj., etc., as in 6. 

Obj., etc., as in 3. 

Obj., etc., as in 2. 

by darker dots than the connective tissue nuclei) ; see text, p. 461. 
2. ( x  100.) 

see text, p. 465. 

capsule ; see text, p. 470. 

Obj., etc., as in 2. 

Obj. DD, 00. 2. ( X  180.) 




